ABSTRACT. We analyzed the expression of mRNAs for growth factor [epidermal growth factor (EGF), insulin-like growth factor-I (IGF-I), basic fibroblast growth factor (bFGF) and platelet-derived growth factor A chain (PDGF-A)] and their receptor (R) by reverse transcriptionpolymerase chain reaction in bovine ova during oocyte maturation in vitro (0-21 hr) and after fertilization in vitro (6-144 hr: zygotes to blastocysts). Transcripts for EGF were not found before fertilization. Transcripts for IGF-I were present in immature oocytes immediately after collection and in embryos from the 2-cell stage onward. Transcripts for bFGF were present in all stages of oocyte maturation and after fertilization up to the 16-cell stage. Transcripts for PDGF-A were present in all stages of oocyte maturation and after fertilization up to the 2-cell stage. Transcripts for ErbB3 (a member of the EGF-R subfamily), and bFGF-R were present in all stages of oocyte maturation, after fertilization up to the 2-cell stage, and the blastocyst stage. Transcripts for IGF-I-R and PDGF-Rα were present in all stages of oocyte maturation and embryo development. The results of this study showed that eight different messages for growth factor and their receptor were detectable in bovine ova during oocyte maturation and/or after fertilization in vitro and their expression patterns were the gene-specific rather than the developmental stage of bovine ova. -KEY WORDS: bovine ova, growth factor, growth factor receptor, mRNA, RT-PCR.
[epidermal growth factor (EGF), insulin-like growth factor-I (IGF-I), basic fibroblast growth factor (bFGF) and plateletderived growth factor A chain (PDGF-A)] and their receptor (R) mRNAs in bovine ova during maturation in vitro and after fertilization in vitro.
MATERIALS AND METHODS
In vitro maturation, fertilization and development of bovine ova: The methods for in vitro maturation (IVM), in vitro fertilization (IVF) and in vitro development of bovine ova were largely based on those described by Hamano and Kuwayama [8] . Briefly, cumulus-oocyte complexes (COCs) aspirated from the ovarian follicles (2-5 mm in diameter) of slaughtered cows were transferred to a droplet of basic medium under mineral oil (Bristol-Myers Squibb K.K., NY, U.S.A.) in a polystyrene dish (35 mm: Nunc, Roskilde, Denmark) and cultured. Frozen semen (0.5 ml) of a Japanese Black bull was thawed at 38.5˚C and washed twice by centrifugation for 5 min at 800 × g with sperm washing medium. Washed spermatozoa were subsequently diluted to 5 × 10 6 cells/ml in the fertilization medium. At 21 hr of culture, COCs were transferred to the droplet (0.5 ml) of fertilization medium containing spermatozoa. After 5 hr of incubation with spermatozoa, COCs were transferred to the droplet of basic medium for further development. In vitro maturation, fertilization and development were performed at 38.5˚C in an atmosphere of 2% CO 2 in air. The basic medium consisted of 95% (v/v) Medium 199 with 25 mM Hepes buffer (GIBCO, Grand Island, NY, U.S.A.) supplemented with 100 IU penicillin G/ml (Meiji) and 50
Studies on the cellular and molecular factors operating during oocyte maturation and fertilization provide the basis for the definition of conditions for the production of embryos in vitro and for their possible application in basic research and animal breeding.
Recently, several lines of evidence suggest that polypeptide growth factor may play a critical role in mammalian oocyte maturation and embryo development. First, several growth factors have been shown to be present in follicular fluid [9, 23] and female reproductive tract [5, 7] . Second, the addition of exogenous growth factor to the culture medium results in beneficial effect on oocyte maturation and/or embryo development in bovine ova [12, 14, 15, 26, 31] . Third, it has been reported that a number of growth factor ligand and/or receptor mRNA transcripts have been detected in mouse [18] , bovine [20, 29] , ovine [30] , human [6, 13] and porcine ova [28, 32] .
On the other hand, the reverse transcription-polymerase chain reaction (RT-PCR) method is a powerful way of mRNA phenotyping in small numbers of cells and is applicable to the analysis of low-copy number gene transcripts [19] . Therefore, the phenotyping of expression of growth factor and their receptor genes in ova during oocyte maturation and after fertilization have led to considerable interest in providing the basis for the definition of conditions for the production of healthy embryos in vitro. However, there is little information about the transcription of growth factor and their receptor mRNA during these processes.
The objective of this study is to characterize, using RT-PCR method, the patterns of expression of growth factor µg streptomycin sulfate/ml (Meiji) and 5% (v/v) fetal bovine serum (JRH Bioscience, Lenexa, KS, U.S.A.). The sperm washing medium consisted of Brackett and Oliphant's (BO) medium modified by deleting bovine serum albumin and supplementing with 10 mM theophylline (Sigma). The fertilization medium consisted of BO medium supplemented with 5 µg/ml heparin (Kodama, Tokyo, Japan) and 5 mM theophylline. To examine the status of maturation and fertilization, some oocytes were removed after collection or incubation and fixed with acetic alcohol (ethanol and acetic acid, 3:1, v/v) and stained with 1% aceto-orcein. The stages of maturation and fertilization of ova were determined by means of Nomarski differential interference microscopy (Olympus Co., Tokyo, Japan).
Isolation of total RNA: Total RNAs were isolated from oocytes and embryos immediately after collection (0 hr), at 12, 18, and 21 hr of IVM and 6, 24 (zygotes and 2-cell embryos), 48 (8- After collection or incubation, ova and the surrounding cumulus cells were separated from each other by agitation using a narrow bore glass pipette in PBS containing 1 mg/ ml polyvinylalcohol (PVA; Sigma) and then ova were washed 10 times with PBS-PVA. Total RNA was isolated from pools of 25-50 oocytes or embryos using a RNeasy Total RNA Kit (Qiagen Inc., Chatsworth, CA, U.S.A.) and then eluted in DEPC-treated distilled water. Genomic DNA was degraded by incubating the samples with 1 unit of RQI DNase (Promega, Madison, WI, U.S.A.) for 30 min at 37˚C. After DNase digestion, the samples were reextracted with a RNeasy Total RNA Kit and total RNA was then eluted in DEPC-treated distilled water.
Oligonucleotide primers of growth factor and their receptors: The sequences of oligonucleotide primers of growth factors and their receptors and the sizes of predicted products after amplification are summarized in Table 1 . EGF primers were designed according to known regions of the porcine EGF DNA sequence [17] : the upstream primer was identical to necleotides 6-25 upstream from the 3'-end of the porcine EGF gene exon 19, while the downstream primer was identical to nucleotides 12-31 of exon 21 [28] . IGF-I primers were designed according to the porcine IGF-I cDNA sequence [24] : the upstream primer was identical to nucleotides 129-148, while the downstream primer represented the reverse complement of nucleotides 331-350. bFGF primers were designed according to the bovine bFGF cDNA sequence [1] : the upstream primer was identical to nucleotides 288-307, while the downstream primer represented the reverse complement of nucleotides 551-570. PDGF-A primers were designed according to the human PDGF-A cDNA sequence [4] : the upstream primer was 16 , 2 µl of 10 mM dATP, 2 µl of 10 mM dCTP, 2 µl of 10 mM dGTP, 2 µl of 10 mM dTTP, 1 µl of 20 unit/µl RNase inhibitor, and 1 µl of 50 unit/µl cloned Moloney Murine Leukemia Virus reverse transcriptase to 20 µl. The RT profile consisted of a complete cycle at 42°C for 60 min, at 99°C for 5 min and at 5°C for 5 min. After RT, the PCR amplification was carried out. The amplification profile comprised 50 cycles: at 95˚C for 1 min (dissociation), 56˚C for 1 min (annealing) and 72˚C for 1 min (extension). The final cycle included an additional 7 min at 72°C for complete strand extension. The PCR mixture contained onefourth of the aliquot of RT mixture (5 µl), 1 µl of 25 mM MgCl 2 solution, 0.2 µl of 100 pmol of upstream primer, 0.2 µl of 100 pmol of downstream primer, 2 µl 10 × PCR buffer, 0.125 µl of 5 unit/µl AmpliTaq R DNA polymerase and 16.475µl distilled water (DW) to 25 µl. A defined mRNA (a plasmid pAW109, 104 copies, Perkin-Elmer Cetus) was subjected to RT-PCR with interleukin 1-α (IL-1α) primer pair (DM151 and DM152, Perkin-Elmer Cetus) in each experiment and served as an external positive control (308 bp fragment). Detection of β-actin transcript (243 bp fragment) using β-actin primer pair [29, 30] served as an internal positive control in each experiment. Reverse transcriptase negative controls were carried out in parallel, using the same RNA samples, without reverse transcriptase in the reaction buffer. The final washing medium for oocytes or cumulus cells was subjected to RT-PCR with each primer pair in each experiment and served as a negative control. All RT-PCR reactions were carried out twice for each individual RNA sample. After PCR amplification, the PCR products were run on 3.0% NuSieve GTG agarose gels (FMC, Rockland, ME, USA) containing 0.5 µg/ml ethidium bromide (Sigma) and photographed.
Verification of RT-PCR products: To confirm the identify of RT-PCR products, DNA bands were cut with diagnostic restriction enzymes as shown in Table 1 . Ten µl RT-PCR products were incubated at 37˚C for 1 hr with the appropriate enzyme in a final reaction volume of 20 µl. After the reaction, the mixture was run on 3.5% NuSieve GTG agarose gels (FMC) containing 0.5 µg/ml ethidium bromide (Sigma) and photographed.
RESULTS
All RT-PCR amplification gave an amplified product of the predicted size and of equal intensity in both internal (β-actin) and external (IL-1α) positive control groups (Fig. 1) , whereas both negative control groups gave no amplified product. In addition, restriction enzyme digested of all PCR product yielded fragments of expected size (data not shown). Figure 1 showed a gel electrophoresis of RT-PCR products for four growth factors. Using RT-PCR and specific primers, transcripts for EGF were not found before fertilization. The intensity of bands for EGF transcript in 8-to 16-cell embryos was apparently stronger than those in zygotes, 2-cell embryos and blastocyst. Transcripts for IGF-I were present in immature oocytes immediately after collection and in embryos from the 2-cell stage onward. Transcripts for bFGF were present in all stages of oocyte maturation and after fertilization up to the 16-cell stage. Transcripts for PDGF-A were present in all stages of oocyte maturation and after fertilization up to the 2-cell stage. Figure 2 showed a gel electrophoresis of RT-PCR products for four growth factor receptors. Using RT-PCR and specific primers, transcripts for ErbB3 and bFGF-R were present in all stages of oocyte maturation, after fertilization up to the 2-cell stage and the blastocyst stage. Transcripts for IGF-I-R and PDGF-Rα were present in all stages of oocyte maturation and embryo development.
Temporal patterns of expression of growth factor and their receptor genes during in vitro maturation and after fertilization in vitro of bovine ova are summarized in Table  2 .
DISCUSSION
The results of this study showed that eight different messages for growth factors and their receptors were detectable in bovine ova during oocyte maturation and/or after fertilization in vitro and their expression patterns were the gene-specific rather than the developmental stage of bovine ova.
Temporal patterns of expression of IGF-I, bFGF, IGF-I-R and PDGF-Rα genes in bovine embryos at cleavage and blastocyst stages were consistent with those reported by Watson et al. [29] and Schultz et al. [20] . Moreover, we showed bFGF, IGF-I-R and PDGF-Rα transcripts continuously detected throughout in vitro maturation of bovine oocytes. This supports the observation that bFGF peptide localized in bovine oocytes of all stages of follicles [27] . Although the detection of the EGF transcript in embryos at cleavage and blastocyst stages was consistent with the report in human [6] , Watson et al. [29] reported that EGF transcript was not observed throughout bovine preimplantation development by RT-PCR using the primer pair designed from human EGF sequence. This conflicting results might be due to differences in conditions or interactions of RT-PCR with specific components used in the experiments, probably the design of primer pairs. Bovine EGF has not been cloned and sequenced, but bovine EGF sequence may be more homologous in porcine than in human, resulting in the higher efficiency of porcine EGF primers in the PCR reaction. On the other hand, the detection of the ErbB3 and bFGF-R transcripts in oocytes throughout maturational stages was consistent with the report in the pig [32] . In addition, the detection of the ErbB3 and bFGF-R transcripts in embryos at the pronucleate, cleavage and blastocyst stages, to our knowledge, is the first report for any mammalian species. ErbB3 is a member of the EGF-R subfamily of receptor tyrosine kinase and is reported to be a receptor for variety types of EGF agonists [3, 22] . The transcripts for growth factor receptors including ErbB3 were more persistent than those for growth factors suggesting that these might be able to mediate various responses for growth factor ligands detected in this study or for those exogenously added to the culture medium [12, 14, 15, 26, 31] by an autocrine or a paracrine circuit of ova and/or somatic cells during maturation and preimplantation development. A switch from maternal to embryonic genome control appears to occur at the 8-to 16-cell stage in bovine embryos [25] . The temporal patterns of expression of ErbB3 and bFGF-R mRNAs well support this idea. Furthermore, based on this idea IGF-I-R and PDGF-Rα mRNAs were present as both maternal and embryonic transcripts since they were continuously expressed during oocyte maturation and after fertilization. bFGF and PDGF-A mRNAs were present as maternal transcripts since they were continuously expressed during oocyte maturation, but lost at the blastocyst stage. However, the temporal patterns of expression of EGF and IGF-I mRNAs were not in the case. EGF transcript was not detected before fertilization, but detected as early as the pronucleate stage. The transcript for IGF-I occurred in immature oocytes and in embryos from 2-cell stage onward. These data support the idea that the activation of the embryonic genome is actively transcribed earlier than previously thought as described by Ao et al. [2] . Therefore, it may not be possible to distinguish whether the transcripts detected after fertilization are maternal or embryonic. Further studies using quantitative RT-PCR and transcriptional inhibitors are necessary to comment on the timing of the switch from maternal to embryonic transcripts for these genes.
Significant improvements in the rate of embryos developing to blastocyst provide the basis for the definition of conditions for the production of healthy embryos in vitro. In this study eight different messages for growth factors and their receptors were detectable in bovine ova, indicating that various interactions occur among ova possibly exerted through the secretion of growth factors during oocyte maturation and/or after fertilization in vitro. Additional studies are needed to determine precisely the role(s) of these growth factors during oocyte maturation and after fertilization in the cow.
